m 

o 

CO 

in 



<o 
o 

Q. 
LU 



(19) 




EuropSisches Patentamt 
European Patent Office 
Office europ^n des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
09.02.2000 Bulletin 2000/06 

(21) Application number: 95110486.8 

(22) Dateof filing: 05.07.1995 



(11) EP 0 691 530 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Intci7: G01G 19/02. G01G 19/03 



(54) Method and apparatus for measuring axle load of a running vehicle 

Verfahren und Vorrichtung zur Messung der Achslast eines fahrenden Fahrzeuges 
Proc6d6 et disposltif de mesure de la charge h I'essieu d'un v^hicule en marche 



(84) Designated Contracting States: 
DE FR GB SE 

(30) Priority: 06.07.1994 JP 15499394 

(43) Date of publication of application: 
10.01.1996 Bulletin 1996/02 

(73) Proprietor OMRON CORPORATION 
Kyoto-shI, Kyoto (JP) 



(72) inventor: TaniguchI, Kunlo> 

Yolcohama-shi, Kanagawa (JP) 

(74) Representative: Kahler, Kurt, Dipl.-lng. et al 
Patentanwalte 
Kahler, Kack, Fiener et col., 
Vprderer Anger 268 
86899 Landsberg/Lech (DE) 



(56) References cited: 
EP-A- 0 491 665 
US-A- 4 049 069 



WO-A-92/21009 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 691 530 B1 



2 



Descriptidn 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a method and 
apparatus for measuring the axle load of a running ve- 
hicle and, particularly, to such a nnethod and apparatus 
capable of performing computation in a sufficiently short 
period by virtue of a small amount of computation need- 
ed. 

[0002] An apparatus is known which determines the 
weight of a running vehicle by measuring vertical forces 
(hereinafter referred to as axle loads) that are imparted 
to the road surface by the respective axles of the vehicle 
and summing up the measured axle loads. 
[0003] By the way, while running, a vehicle vibrates at 
resonance frequencies corresponding to the entire body 
and respective portions due to impacts that are caused 
by asperity of a road, acceleration, etc. Therefore, the 
instantaneous vertical force imparted to the road sur- 
face by an axle of a running vehicle varies as shown in 
Fig. 7. In Fig. 7, the thin line indicates a waveform cor- 
responding to a main vibration of a running vehicle and 
the thick line indicates a waveform corresponding to a 
combined vibration of the main vibration and an auxiliary 
vibration of the running vehicle. The main vibration 
means a resonance of the entire vehicle and the auxil- 
iary vibration means a resonance that occurs at a por- 
tion of the vehicle or a load. 

[0004] Thus, a waveform as shown in Fig. 7 is ob- 
tained when axle load meters are arranged along a road 
and outputs of those axle load meters are picked up up- 
on passage of a vehicie. Conventionally, the axle load 
of a running vehicle is determined from such a wavefomri 
according to the following methods. 

1 ) Wave components of an output of an axle load 
meter is dealt with as errors. More specifically, the 
axle load of a running vehicle is measured by an 
axle load meter installed at a selected measuring 
location where vibration of a running vehicle is as 
small as possible. The midpoint of vibration is di- 
rectly determined from outputs of the axle load me- 
ter, and employed as an axle load measurement 
value of the running vehicle. 

2) Axle load meters are installed at a plurality of 
measuring locations. A main vibration waveform 
corresponding to a resonance frequency of the en- 
tire vehicle and an auxiliary vibration waveform pro- 
duced by a resonance at a portion of the vehicle are 
estimated from a partial waveform obtained by 
those axle load meters. The midpoint of vibration is 
determined from the estimated main vibration 
waveform and auxiliary vibration waveform, and 
employed as an axle load measurement value of 
the running vehicle. 

3) To simplify method 2), a main vibration and an 
auxiliary vibration are estimated with an assumption 



that the frequency of the main vibration is equal to 
or around 3 Hz. The midpoint ot a resulting vibration 
Is determined and employed as an axle load meas- 
urement value of the running vehicle. 

5 

[0005] However, in method 1 ), in which a wave portion 
of an output of the axle load meter is dealt with as errors, 
the measurement accuracy is low even if the measure- 
ment by the axle load meter is performed at a location 
10 where vibration of a running vehicle is as small as pos- 
sible. Further, method 1 ) has a problem that the axle 
load meter installation point is restricted. 
[0006] In method 2), in which a main vibration wave- 
form corresponding to a resonance frequency of the en- 
is tire vehicle and an auxiliary vibration waveform pro- 
duced by a resonance at a portion of the vehicle are es- 
timated from a partial waveform obtained by the axle 
load meters, the amount of computation becomes enor- 
mous and it is therefore difficult to complete the compu- 
20 tation in a required time even with the use of a high- 
speed computer. Where vehicles pass successively, the 
"required time" means a time from a time point when the 
first vehicle passes a measuring point to a time point 
when the second vehicle passes it. 
25 [0007] Further, in method 2), the axle load meters are 
required to have high measurement accuracy. In meth- 
od 2), a vibration waveform of a vehicle is computed, 
estimated and reproduced based on a partial waveform 
measured by the axle load meters. Therefore, if the ac- 
30 curacy of the axle load meters is low, measurement er- 
rors of the axle load meters are amplified to prevent a 
correct measurement. 

[0008] In method 3), the frequency of a main vibration 
is assumed to be equal to or around 3 Hz. Therefore, 

35 although method 3) is suitable for measurements on 
large-sized vehicles having a main vibration whose fre- 
quency is equal to or around 3 Hz. it may cause a large 
error for other types of vehicles having a main vibration 
whose frequency is not in that range. In addition, the 

40 reliability of measurement data is low because not all 
large-sized vehicles have a main vibration whose fre- 
quency is equal to or around 3 Hz. 

SUMMARY OF THE INVENTION 

45 

[0009] An object of the present invention is to provide 
a method and apparatus for measuring the axle load of 
a running vehicle which can not only produce measure- 
ment data that are within a stable error range without 

so amplifying measurement errors of each axle load meter, 
but also produce highly reliable measurement data with- 
out using a high-speed computer 
[0010] According to the invention, there is provided 
an apparatus for measuring an axle load of a running 

55 vehicle, comprising: 

axle load meters arranged in an axle load measur- 
ing area of a road; 
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means for measuring, using the axle load meters, 

instantaneous axle load values W^, W2, .... at 

time points t^, tg. .... t^. respectively, as measured 

from a time point when the running vehicle enters 

the axle load measuring area; 

means for setting fixed time intervals T^, Tg, T|, 

where j is an integer not less than 2; 

means for determining pairs of instantaneous axle 

load values (W^. W^^Tk). (W2, Wg^jk). (Wj. 

Wj+Tk) at time points (t^, i^^^l (t2, tg+k) (t|. tj^k) 

• each having a fixed time interval T|^, where k = 1 to 
j, based on the measured instantaneous axle load 
values W^, W2, W^, and calculating average val- 
ues WiTk, W2Tk» WpTK of the respective pairs, to 
thereby produce average value groups for the re- 
spective fixed time intervals T^, T2, .... Tf 
means for selecting an average value group having 
a minimum variation from the average value 
groups; and 

means for employing an average of the selected av- 
erage value group as the axle load of the running 
vehicle. 

[001 1] In the above apparatus, each interval between 
adjacent ones of the time points t^, t2. .... t^ may have a 

constant value a, and the fixed time intervals , T2 

Tj may be integer multiples of the constant value a. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 shows a general configuration of an appara- 
tus for measuring the axle load of a running vehicle 
according to an embodiment of the present Inven- 
tion; 

Fig. 2 illustrates the principle of measuring an axle 
load value in the invention; 

Fig. 3 is a functional block diagram showing a con- 
figuration of a computer 30 shown In Fig. 1 ; 
Fig. 4 is a flowchart showing an example of process- 
ing of a CPU shown in Fig. 3; . 
Fig. 5 illustrates a method of calculating an instan- 
taneous axle load value Wi^.j with*a fixed time in- 
terval of ma + p; 

Fig. 6 illustrates data tables stored in a memory of 
the CPU shovyn in Fig. 3; and 
Fig. 7 is a graph showing the instantaneous vertical 
force imparted to a road surface by the axle of a 
running vehicle as a function of time, 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 3] A method and apparatus for measuring the ax-, 
le load of a running vehicle according to an embodiment 
of the present invention will be described in detail with 
reference to the accompanying drawings. 
[0014] Fig. 1 shows a general configuration of an ap- 



paratus for measuring the axle load of a running vehicle 
according to the embodiment of the invention. In this 
embodiment, n axle load meters 20-1. 20-2, 20-3, 
20-n are installed along a road 1 0 on which vehicles (not 

5 shown) run. Measurement values of the respective axle 
load meters 20-1 , 20-2, 20-3, .... 20-n are sent to a com- 
puter 30 that is connected to those axle load meters. 
[0015] In this embodiment, each of the axle load me- 
ters 20-1 , 20-2. 20-3, . , 20-n has an effective measure: 

10 ment width (i.e.. length along the vehicle running direc- 
tion on the road surface on which the axle load meters 
are installed) of about 50 cm, and the interval between 
the adjacent axle load meters is set at 40 cm. While 
these values are selected in consideration of the fact 

IS that the inten/al between the axles of one vehicle much 
varies with the kind of vehicle, it is apparent that other 
various values may be used. 

[0016] The measurement accuracy is improved as the 
number n of installed axle load meters is increased. 

20 Where the width of each axle load meter and the interval 
between the adjacent axle load meters are respectively 
set at 50 cm and 40 cm and n is set at 7. highly accurate 
measurements can be performed for vehicles running 
at 80 km/hour or less. 

25 [0017] First, a description will be made of the principle 
of measuring an axle load value in this embodiment. 
[0018] In general, a main vibration of a vehicle running 
along the load 10 is represented by simple harmonic 
motion as shown In Fig. 2. which satisfies 

30 

sine + sin{e + (2n -1- ^)n} = 0 (1) 

where 0 denotes the phase. 

35 [0019] In the simple harmonic motion of Fig. 2, if the 
midpoint of arbitrary two points A1 and B1 of a measur- 
able portion is denoted by CI and the midpoint of an- 
other two points A2 and 82 that are close to the respec- 
tive points A1 and 81 and have the same time interval 

^ as the points A1 and B1 is denoted by C2, an average 
of CI and C2 is located within the amplitude variation 
range of the simple harmonic motion. 
[0020] Further, plural pairs of points each of which are 
close to the points A1 and 81 and have the same time 

45 interval as the points A1 and 81 are taken, and their plu- 
ral midpoints are denoted by C2, C3, .... If a locus of the 
midpoints CI, C2, C3, ... is flat, the time interval be- 
tween the points A1 and B1 is equal to (2n + 1)7c from 
Equation (1) and the midpoints CI = C2 = C3 = ... are 

50 located at the center of the simple harmonic motion. 
[0021] In this embodiment, pairs of Instantaneous ax- 
le load values (W^ , Wi^k). (W2. W2^.k). ... (Wj, Wj^^) re- 
spectively measured at (t^, t-,^!^), (t2, t2+k), . ., (tj, tj+k) 
having a fixed time interval T^are extracted from outputs 

55 of the n axle load meters 20-1 , 20-2, 20-3; .... 20-n. Fur- 
ther, average values ^, Wg^, of the respective 
pairs (W^, W^^^)' (^2. ^2^k)^ Wj^^) ^^e calculat- 
ed. 
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[0022] An average Wok of the average values Wi^, 
W2k, . . . , Wjk is smaller than the maxinnum value and larg- 
er than the minimum value of the main vibration of a run- 
ning vehicle. 

[0023] Therefore, by calculating the average Wq^ of s 
the average values W^k- ^2k* ^ik^ i ®- by performing 
the following calculation: 

Wok = 2:Wj/i, (2) 

an axle load value of the running vehicle can be obtained 
from the calculated value Wok- 

[0024] According to the above method, the axle load 
value can be determined with higher accuracy than 
method 1 ) where a wave portion of an output of an axle 
load meter is dealt with as errors, and by simpler calcu- 
lations than methods 2) and 3). 

[0025] To further improve the measurement accuracy 
of the axle load value, a plurality of time inten^als T^. 
Tg. Tj may be set instead of employing the single 
fixed time interval Tk as in the above case. For each of 
the time intervals Tk (k = 1 to j), pairs of instant axle load 
values (Wi. Wi^k)^ (W2. Wg^k). (Wj. W^k) respective- 
ly measured at (t^, ti^k). (^2' Wk). • ft. Vk) having a 
time interval Tk are extracted, and average values W^k, 
Wgk, , W|k of the respective pairs (W^, W^^.k). (Wg, 
Wg+k) (Wj, Wj^k) sre calculated. Further, among plu- 
ral groups of average values W-,k, W2k Wjk, a group 

Wip, W2p, .... Wjp having a minimum variation is select- 
ed, and an average Wop of the average value group p, 
Wgp, .... Wjp, which corresponds to a time interval Tp. is 
calculated such that 

Wop = 2W„/i. (3) 

The value Wop Is employed as the axle load value of the 
running vehicle. 

[0026] As is apparent from Equation (1), the time in- 
terval Tp is closest to 1/2 of the period of the main vibra- 
tion of the running vehicle. When the time inten^al Tp is 
equal to 1/2 of the period of the main vibration of the 
running vehicle, the average value group W^p, W2p, 
Wjp corresponds to the auxiliary vibration of the running 
vehicle. 

[0027^ The average of a plurality of measurement val- 
ues of the auxiliary vibration having the center of the 
main vibration of the running vehicle as the midpoint, i. 
e., the average of the values W-,p, Wgp, .... Wjp is ap- 
proximated to the midpoint of the auxiliary vibration as 
the number of sampling points is increased. 
[0028] Therefore, the axle load value can be obtained 
with high accuracy by determining the average Wop of 
the average value group W-,p. W2p, Wjp correspond- 
ing to the time interval Tp. The calculations for determin- 
ing the axle load value of the running vehicle Is much 
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simpler than in methods 2) and 3). 
[0029] Fig. 3 is a functional block diagram showing a 
configuration of the computer 30 shown in Fig. 1. 
[0030] Referring to Fig. 3, the computer 30 consists 
of the following components. Analog/digital converters 
31-1, 31-2, 31-3, 31-n correspond to the axle load 
meters 20-1, 20-2, 20-3. .... 20-n, respectively A clock 
generator 33 generates prescribed sampling pulses, An 
input interface 32 takes in outputs of the analog/digital 
converters 31-1 , 31-2. 31-3. .... 31-n based on the pre- 
scribed sampling pulses that are supplied from the clock 
generator 33. A CPU 34 supervises the entire operation 
of the computer 30. A memory 35 stores various data 
necessary for the operation of the CPU 34. 
[0031] Analog signals that are output from the axle 
load meters 20-1 , 20-2, 20-3, .... 20-4 are converted to 
digital signals by the analog/digital converters 31-1, 
31-2. 31-3, 31-n, and taken in by the CPU 34 via the 
input interface 32 based on the prescribed sampling 
pulses supplied from the clock generator 33. 
[0032] Measurement data that have been input to the 
CPU 34, i.e., measurernent values (hereinafter called 
"instantaneous axle load values") W^ , Wg, . . . , W„ at time 
points t^, t2, t^ as measured from the entrance time 
of a running vehicle into the axle load measuring area 
are temporarily stored in the memory 35. If these values 
are plotted on a graph (vertical axis: axle load; horizontal 
axis: time) in the same manner as in Fig. 2, a waveform 
is obtained which is close to a sine wave. Therefore, the 
axle load value can be determined according to the 
measurement principle described above. 
[0033] Fig. 4 is a flowchart showing an example of 
processing of the CPU 34 shown in Fig. 3. 
[0034] First, J fixed time Inten^als T^ to Tj are set in 
step 1 . The fixed time interval is an estimated value of 
the 1/2 period which value is reversely calculated from 
a certain frequency. Although the fixed time intervals T-, 
to T| may be set In a variety of nnanners, in this embod- 
iment they, are set In the following manner in consider- 
ation of the characteristics of the main vibration of a run- 
ning vehicle. 

[0035] It is known that the frequency of the main vi- 
bration of a running vehicle is 2-3 Hz when it is a large- 
sized vehicle, and is 3-5 Hz when it is a small-sized ve- 
hicle. The 1/2-period range corresponding to the fre- 
quency range of 2 to 5 Hz is 0.1 to 0.25 second. There- 
fore, it is effective to set T^ to Tj within the range of 0.1 
to 0.25 second. 

[0036] Further, if the fixed time inten^als T^ to Tj are 
set at integer multiples of the pulse cycle (denoted by 
a) of the clock generator 33, the following calculations 
are conveniently performed which use the instantane- 
ous axle load values W^, W2, .... W,,. It is however noted 
that setting the fixed time intervals at integer multiples 
of a is not a requisite. 

[0037] A parameter k is set at 1 in step 2, and T^ is 
substituted into T in step 3. At this time, T is equal to T^ , 
and the following calculation is performed with the time 
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interval T^. 

[0038] In step 4, all the pairs of instantaneous axle 
load values W^, W2, which pairs have the time 

interval T are extracted, and an average value of each 
pair of instantaneous axle load values is calculated. s 
[0039] Where the fixed time interval is not an integer 
multiple ma (m: integer) of the pulse cycle a but is, for 
instance, ma + p (0 < p < a), the measurement values 
themselves of the instantaneous load cannot be used 
for the above averaging. In this case, necessary values 10 
should be estimated. 

[0040] Now, a description will be made of a method of 
estimating an instantaneous axle load value VJ^+j at a 
time point ma+P after the time point t-, in calculating an 
average value of an instantaneous axle load value 
at t^ and the instantaneous axle load value W^^j. 
[0041] Referring to Fig. 5, since the pulse cycle is a, 
if t„ and X^^^ are defined as 

t„ - 1^.., = a (n: integer not less than 2), 

the time point ma+p after the time point t^ satisfies 

where ma + p is the fixed time interval. 
[0042] In this embodiment, as shown in Fig. 5, two 
points having coordinates (t^+i . W^.^., ) and (t^+a. ^^+2) 
are connected to each other by a straight line, and the 
axle, load coordinate of a point located on that straight 
line and having a time coordinate t^ + (ma + p) is em- 
ployed as W^^-i-. Then, an average value of W-, and 
is calculated. Since t^^g * Wi = a , ^.y is calculated as 3S 

[0043] After all the average values have t>een calcu- 40 
lated, a variation of each average value group is calcu- 
lated in step 5. Although there are various methods of 
calculating the variation such as calculating a difference 
between the maximum and minimum values of an aver- 
age value group, this embodiment employs the following 4S 
method. As shown in Fig. 6, an average Wqi of respec- 
tive elements Wui, W2T1, ^rr^ («: natural number) 
of the average value group shown in data table-1 is cal- 
culated (see data table-2). Then, absolute values (see 
data table-3) of differences between Wq^ and the re- so 
spective elements of the average value group are aver- 
aged (see data table-4). By employing an absolute value 
average Wbi-i as a variation, even if there exists an in- 
stantaneous axle load value that is far different from the 
other values, its influence on the average can be made ss 
small. 

[0044] In step 6, it is judged whether the calculations 
have been completed for all the J fixed time intervals. If 



the judgment result is negative, k is incremented by 1 in 
step 7 and a variation will be calculated in the similar 
manner for the next fixed time interval. When the calcu- 
lations have been completed for all the J fixed time in- 
tervals, the minimum one (closest to 0) is determined 
from the j variations thus calculated, and the average of 
the average value group corresponding to the minimum 
variation is employed as the axle load value (step 8). 
[0045] With the above constitution, the invention pro- 
vides the following advantages: 

1) Measurement values can be obtained within a 
stable error range without amplifying measurement 
errors of the individual axle load meters irrespective 
of the phase of a main vibration at an instant when 
a running vehicle enters the axle load measuring 
area and its relationship with the phase of an aux- 
iliary vibration. Therefore, the measurement values 
are highly reliable. 

. 2) A wide variety of vehicles can be subjected to the 
measurement; that is, the application of the inven- 
tion is not limited to vehicles whose main vibration 
has a frequency of 3 Hz. 

3) Where the amplitude of an auxiliary vibration is 
smaller than a main vibration, measurement values 
can be obtained with very high accuracy. 

4) By virtue of a small amount of computation, the 
computation can be completed in a sufficiently short 
period even with, a personal computer. Therefore, 
all the vehicles passing successively can be sub- 
jected to the measurement. 



Claims 

1. An apparatus for measuring an axle load of a run- 
ning vehicle, comprising: 

axle load meters arranged in an axle load 
measuring area of a road; 
means for measuring, using the axle load me- 
ters, instantaneous axle load values W.,, 
W2, .... W„ at time points t^, tg, t^, respec- 
tively, as measured f rom a time point when the 
running vehicle enters the axle load measuring 
area; 

means for setting fixed time intervals T^ . Tg, .... 
Tj, where j is an integer not less than 2; 
means for determining pairs of instantaneous 
axle load values (W^, VJ^^j^), (Wg, W2.,Tk). •• • 
(Wi, Wj^Tk) at time.points (t^, t^^kX (ta. t2+k). 
(t|, tj+k) each having a fixed time interval T^. 
where k = 1 to j, based on the measured instan- 
taneous axle load values W^, Wg, .... W^, and 
calculating average values W^y^, VJ2iVi> 
Wjj^of the respective pairs, to thereby produce 
average value groups for the respective fixed 
time intervals T^, T2, Tj; 
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means for selecting an average value group 
having a minimum variation from the average 
value groups; and 

means for employing an average of the select- 
ed average value group as the axle load of the s 
running vehicle. 

2. The apparatus of claim 1, 

wherein each interval between adjacent ones of the 
time points t^ , X2, .... t^ has a constant value a, and 10 
the fixed time Intervals , Tg, .... Tj are integer mul- 
tiples of the constant value a. 

3. A method for measuring an axle load of a running 
veh Icle based on measurement outputs of axle load is 
meters arranged in an axle load measuring area of 

a road, comprising the steps of: 

measuring, using the axle load meters, instan- 
taneous axle load values W^, W2, W^attime 20 
points ti. tg, .... tn, riespectiveiy, as measured 
from a time point when the running vehicle en- 
ters the axle load measuring area; 
setting fixed time intervals T^, T2, Tj, where 
j is an integer not less than 2; 25 
determining pairs of instantaneous axle load 2. 
values (Wi. W.^Tk). (Wg. Wg^^k). (W, W|,-n,) 
at time points (t^. ti^,,), (ta. tg+k). • (tj. tj^^) each 
having a fixed time interval T,^, where k = 1 to j, 
based on the measured instantaneous axle 
load values W^, Wg. -., W^, and calculating av- 
erage values WiTk> W2Tk> Wjjk of the re- 3. 
spective pairs, to thereby produce average val- 
ue groups for the respective fixed time Intervals 
T^. Tg, .... T|; 35 
selecting an average value group having a min- 
imum variation from the average value groups; 
and 

employing an average of the selected average 
value group as the axle load of the running ve- 40 
hide. 

4. The method of claim 3, 

wherein each interval between adjacent ones of the 
time points t^ , t2, .... t^ has a constant value a, and 45 
the fixed time intervals T^ , T2, . ... Tj are integer mul- 
tiples of the constant value a. 



Patentanspruche so 

1. Vorrichtung zum Messen einer Achslast eines fah- 
renden Fahrzeugs, umfassend: 

Achslast-MeBinstrumente, die in einem Achs- S5 
last-MeBbereich einer StraBe angeordnet sind; 
Mittel zum Messen. unter Verwendung der 
Achslast-Me3instrumente, von momentanen 



Achslast we rten W^, Wg. .... W„ jeweilszu den 
Zeitpunkten t^. t2, .... t^, gemessen ab einem 
Zeitpunkt, zu dem das fahrende Fahrzeug in 
den Achslast-MeBbereich einfahrt; 
ein Mittel zum Festlegen von festen Zeitinter- 
vallenTi, Tg. T^, wobei j eine ganze Zahl von 
nicht weniger als 2 ist; 

ein Mittel zum Festlegen von Paaren von mo- 
mentanen Achslastwerten (W^, W^^.Tk), (W2, 
W2+Tk). (Wj, Wj^jk) zu den Zeitpunkten (t-,, 
^+k)' (^2' • •» (V ^i+k)' jeweils ein festes 
Zeitintervall Tj^aufweisen, wobei k = 1 bis j, auf 
der Basis der gemessenen momentanen Achs- 
lastwerte W^, W2. .... W^. und zum Berechnen 
von Mittelwerten Wuk- ^2Jk' » ^iTk j©" 
weiligen Paare, um dadurch Mittelwertgruppen 
fur die jeweiligen festen ZeitintervalleT^, T2, .... 
Tj zu erzeugen; 

ein Mittel zum Auswahlen einer Mittelwertgrup- 
pe mit einer minimalen Abweichung aus den 
Mittelwertgruppen; und 

ein Mittel zur Verwendung eines Mittelwerts der 
■ ausgewahlten Mittelwertgruppe als Achslast 
des fahrenden Fahrzeugs. 

Vorrichtung nach Anspruch 1, wobei jedes Intervall 
zwischen benachbarten der Zeitpunkte t^, tg. t^ 
einen konstanten Wert a aufweist und die festen 
Zeitinten/alle T^, Tg, T^ ganzzahlige Vielfache 
des konstanten Werts a sind, 

Verfahren zum Messen einer Achslast eines fahren- 
den Fahrzeugs auf der Basis von MeBausgangssi- 
gnalen von Achslast-Me3instrumenten. die in ei- 
nem Achslast-MeOberelch einer StraBe angeordnet 
sind. umfassend die Schritte: 

Messen. unter Verwendung der Achslast- 
MeBinstrumente, von momentanen Achslast- 
werten W^, Wg, .... Wn jeweils zu den Zeitpunk- 
ten t^. t2, .... t„, gemessen ab einem Zeitpunkt, 
zu dem das fahrende Fahrzeug in den Achs- 
last-MeBbereich einfahrt; 
Festlegen von festen Zeitintervallen T^. T2, .... 
Tj, wobei j eine ganze Zahl von nicht weniger 
als 2 ist; 

Festlegen von Paaren von momentanen Achs- 
lastwerten (Wi, Wi,^), (W2, W2^-n<). .... (W|. 
Wi+Tk) 2u den Zeitpunkten (t^, t^^^), (t2, ta^k). ■ 
(tj, tj+k), die jeweils ein festes Zeitintervall Tk 
aufweisen, wobei k = 1 bis j, auf der Basis der 
gemessenen momentanen Achslastwerte W^, 
Wg, W„, und Berechnen von Mittelwerten 

WiTk» ^axk ^iTk der jeweiligen Paare. um 

dadurch Mittelwertgruppen fur die jeweiligen 
festen Zertintervalle T^, T2, ... Tj zu erzeugen; 
Auswahlen einer Mittelwertgruppe mit einer mi- 
nimalen Abweichung aus den Mittelwertgrup- 
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pen; und 

Verwenden eines Mittelwerts der ausgewahl- 
ten Mittelwertgruppe als Achslast des fahren- 
den Fahrzeugs. 

4. Vertahren nach Anspruch 3, wobei jedes Intervall 
zwischen benachbarten der Zeitpunkte t^, t2, .... 
einen konstanten Wert a aufweist und die festen 
Zeitintervalle T^, T2, .... Tj ganzzahlige Vielfache 
des konstanten Werts a sind. . 



Revendications 

1 . Appareil pour mesurer una charge d'essieu d'un v6- 
hicule en marche, comprenant : 

des capteurs de charge d'essieu disposes dans 
Line zone de mesure de charge d'essieu d'une 
route ; 

un moyen pour mesurer, en utilisant les cap- 
teurs de charge d'essieu, des valeurs de char- 
ge d'essieu instantanees W^, W2, .... W„ aux 

instants t.,, 12 t^, respectivement, comme 

mesurds ^partird'un instant lorsque le vdhicule 
en marche p^ndtre dans la zone de rhesure de 
charge d'essieu ; 

un moyen pour r^gler des tntervailes de temps 
fixe , T2, Tj, oCi j est un entier hon inf^rieur 

un moyen pour d^temniner des paires de va- 
leurs de charge d'essieu instantanees (W^, 
Wi.tk). (W2. Ws^Tk) (W|. Wj,-rk) aux ins- 
tants (ti, ti+k). (t2. t2+k). (% ti+k) chacun ayant 
un interval le de temps fixe Ti^, ou k = 1 a j, sur 
la base des valeurs de charge d'essieu instan- 
tanees mesur6es W^, W2, .... W^, et calcule 
des valeurs mpyennes W^yk, W2Tk' ^iTK 
des paires respectives. pour produlre ainsi des 
groupes de valeiurs moyennes pour les inter- 
valles de temps fixe respectifs T.|, T2, .... Tj ; 
un moyen pour selectionner un groupe de va- 
leurs moyennes ayant une variation minimum 
a parti r des groupes de valeurs moyennes ; et 
un moyen pour employer une moyenne du 
groupe de valeurs moyennes seiectionn6e 
comme la charge d'essieu du vehicule en mar- 
che. 



zone de mesure de charge d'essieu d'une route, 
comprenant les stapes de : 

mesure, en utilisant les capteurs de charge 

s d'essieu, des valeurs de charge d'essieu ins- 

tantanees W^, Wg, ... W„ aux instants t^, 
tfl, respectivement, comme mesures k partir 
d'un instant torsque le vehicule en marche en- 
tre dans la zone de mesure de charge d'essieu ; 

10 r^glage des intervalles de temps fixe T-i , T2, .... 
T| ou j est un entier non interleur k 2 ; 
determination des paires des valeurs de charge 
d'essieu instantanees (Wi, Wi^.jk), (W2, 
W2+Tk). (Wp Wi^TK) aux instants (X,: X,^^), (ta. 
^2+1^' : •» Oi- ^i+k) ayant chacun un intervalle de 
temps fixe T,^, ou k = 1 a j, sur la base des me- 
sures des valeurs de charge d'essieu instanta- 
nees W.|, W2 et calcule des valeurs 

moyennes j^, W27V • « ^\Tk paires res- 

20 pectives, pour prod u ire ainsi des groupes de. 

valeurs moyennes pour les intervalles de 
temps fixe respectifs T-|, T2, . .. T| ; 
selection d'un groupe de valeurs moyennes 
ayant une variation minimum k partir des grou- 

25 pes de valeurs moyennes ; et 

utilisation d'une moyenne du groupe de valeurs 
moyennes selectionnee comme la charge d'es- 
sieu du vehicule en marche. 

30 4. Procede selon la revendication 3. dans lequel cha- 
que intervalle entre des instants t-|, t2, t„ adja- 
cents possede une valeur constante a, et les inter- 
valles de temps fixe T^, T2, 
multiples de la valeur constante a. 

35 
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Tj sont des entiers 



Appareil selon la revendication 1, dans lequel cha- 
que intervialle entre des instants t^, t2, t„ adja- 
cents possede une valeur constante a, et les inter- 
valles de temps fixe T^ , Tg. .... Tj, sont des multiples 
entiers de la valeur constante a. 

Precede pour mesurer une charge d'essieu d'un ve- 
hicule en marche base sur des sorties de mesure 
des capteurs de charge d'essieu disposes dans une 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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